Water quality and properties of the riverbed often shape the community structure of aquatic ecosystems, occasionally sustaining the expansion of non-native species. This study aims to provide preliminary data on the ecological preferences of the invasive species Orconectes limosus, its control, and the protection of the native stock is an European priority. In order to assess the species ability to colonize small river systems, relevant tributaries in the invaded Danube sector were monitored. Statistical test indicates a preference for deep and warm rivers, low water velocity and also high concentrations of calcium.
INTRODUCTION
The invasive species represent one of the most serious threats to global biodiversity due to their successful competivity and their major impact on the local native aquatic communities (Galil, Five ICS reside in Europe, namely Astacus astacus, A. leptodactylus and A. pachypus, respectively Austropotamobius torrentium and A. pallipes (Holdich et al., 2010) . The introduction of NICS is known for commercial purposes starting in the nineteenth century, being identified more than ten species (Holdich et al., 2010) .
In Romania, there have been three reported ICS: Astacus astacus, A. leptodactylus and Austropotamobius torrentium (Băcescu, 1967; Pârvulescu, 2010 This study aimed to provide preliminary data on the ecological limitations of O. limosus in small tributaries, with the goal of sensitive A. astacus and A. torrentium long term conservation success.
MATERIAL AND METHODS

Crayfish capture
The sampling sites are geographically located in the "Iron Gates" Nature Park (PM, 2010). To assess the specific colonizing ability of O. limosus in small river systems, 10 sampling sites were surveyed, corresponding to eight tributaries which are flowing in the invaded Danube sector: Eșelnița (S1), Mraconia (S2), Liubotina (S3), Tisovița (S4), Sirinia (S5), Berzasca downstream (S6) and upstream (S7), Gornea downstream (S8) and upstream (S9), Radimna (S10). Subsequently, two tributaries were monitored: Gornea (SS1) and Berzasca (SS2) (Fig. 1 ) using the index of catch per unit effort (CPUE) (Paaver and Hurt, 2009 ), defined by the number of crayfish individuals captured on a river stretch of 100 m length. For SS1 and SS2 a transect method was used (Sîrbu and Benedek, 2004) by dividing the studied sector into 13 equal sections for SS1, and six sections for SS2, respectively. The transects were distributed both in the invaded and non-invaded river sectors.
The sampling was carried out seasonally in three successive years between 2011 and 2013. In the case of SS1 and SS2 tributaries, data collection was carried out in the summer and autumn seasons corresponding to the same period. 
Physical and chemical water parameters
In order to draw an overall picture of the preferences of the species O. limosus, we measured the following water parameters: average width and depth of the bed/water; water velocity (m/s); dissolved oxygen (mg/l); conductivity (µS/cm); and pH and water temperature (°C). The velocity of the water corresponding to each transect was determined by establishing the average value resulting from five readings per site using the floating object method described by Boyer (1964) . The content of dissolved oxygen, conductivity, pH, and water and air temperature were determined using Hach-Lange HQ40D multiparameter as the average of five readings per site.
The following chemical parameters of the water were also measured: nitrite (N-NO 2 ), nitrate (N-NO 3 ), phosphate (P-PO 4 3-), ammonium (N-NH 4 + ) (mg/l), total hardness (°dH) calcium (Ca 2+ ) and magnesium (Mg 2+ ) (mg/l). To determine these parameters, one reading per site was performed using a HACH-Lange DR2800 spectrophotometer.
Statistical analyses
The annual average values corresponding to the water parameters were computed. The non-parametric Mann-Whitney test was used in order to compare the differences in the physical-chemical parameters among the sites where the species was present or absent. The test was considered significant for p-values lower than 0.05. Box-plots were further used to reflect the potential ecological preferences of the species O. limosus in relation to its presence/absence. We showed this representation exclusively for p-values ≤ 0.05, respectively for those parameters for which significant differences were established during the entire study. Statistical analyses were performed using Statistica 7.
RESULTS AND DISCUSSION
During this study 488 adult and juvenile individuals of O. limosus were captured, of which 103 from SS1 and 385 from SS2. Data processing was performed according to the annual change of the species invasion front on the Danube River as follows: summer 2011 -spring 2012 period the invaded sector of Danube F1 included three tributaries corresponding to a number of two sites where the species was present (S6, S8) and three sites where it was absent (S7, S9-10). The sites located in the control area were not taken into account (S1-4): during summer 2012 -spring 2013 period, the invaded sector of Danube F2 included eight tributaries corresponding to four sites with presence (S2, S5-6, S8) and six with absence (S1, S3-4, S7, S9-10) (Fig. 1 ). The Mann-Whitney test shows the differences in the physical-chemical parameters among the sites were the species was present or absent, the results being presented according to tables 1 and 2. In the case of the eight tributaries in which the presence or absence of the species O. limosus was considered, significant differences were obtained for parameters such as river depth and water temperature, along with the concentration of calcium. The phosphate concentration and the water velocity remained below the significance level for the period 2011-2012 and 2012-2013, respectively (Tab. 1). For SS1 and SS2, significant differences were found corresponding to the river depth, water temperature, and velocity, along with calcium and dissolved oxygen, with the exception that the last parameter was found significant exclusively for SS1 (Tab. 2). Considering all eight tributaries, the box-plots indicate the preference for deep river systems and warm water temperature (Figs. 2 and 3 ) as well as a high concentration of calcium (Fig. 4) . The pattern is similar for SS1 and SS2 with significant differences for all three parameters (Figs. 5, 6 and 8) . p-values ≤ 0.05 were established also in terms of the water velocity indicating a preference for its lowest values (Tab. 1, Fig. 7) , similarly with the pattern for the eight tributaries, but only in 2012-2013 (Tab. 2). The species particularly inhabits aquatic habitats with ecological characteristics different from those of small streams or springs, being encountered in the last two categories particularly in the downstream area ( In the habitats of origin, O. limosus is known to occupy a variety of aquatic ecosystems, with preference for those with low water velocity and substrate consisting mainly of sand and silt deposits (Ortmann, 1906) . However, Aklehnovich and Razlutskij (2013) reported its presence both in lakes and rivers, the latter being the channels with muddy and hard substrate (rocks, stones, gravel). In the case of the chemical water parameters, a certain pattern of preference was not identified with the exception of calcium, suggesting a potential preference for its higher values (Figs. 4 and 8 ). An explanation can be found in the calcium need of crustaceans in various important physiological processes as well as that of moulting (Ueno and Mizuhira, 1984) . The O. limosus ecological tolerance and also its presence in various habitats (Ortmann, 1906; Aklehnovich and Razlutskij, 2013) can represent a future threat for the ICS (Pârvulescu, 2009; Söderbäck, 1995; Buřič et al., 2009 ) with the risk of coming into contact with the protected species, among which includes A. torrentium and A. astacus, the former being frequently found in tributaries of the Danube (Pârvulescu and Petrescu, 2010) . However, the impact caused by its presence in a small natural ecosystem cannot be predicted accurately, therefore detailed studies are needed.
CONCLUSIONS
O. limosus was identified both in the Lower Danube and in the downstream sector of its five studied tributaries.
Results of statistical analyses indicate a preference for deep and warm rivers, and low velocity. A similar pattern was identified for the calcium concentration indicating its preference for high values.
